ABSTRACT: This paper presents a dual band aperture coupled stacked microstrip antenna with the introduction of an air gap 3 mm between the ground plane and the upper layer substrate for WLAN applications. The nominal antenna has -10 dB return loss bandwidth of 134.8 MHz and 384.9 MHz at lower band resonant frequency of 3.905 GHz and upper band resonant frequency of 5.36 GHz respectively. The gain of the antenna is greater than 5 dB, also the directivity is greater than 5 dBi and VSWR value is less than 2 for both the operating frequencies, which makes it a suitable choice to be used at the frequencies bands of WLAN.
The primary barrier to implement the microstrip antennas in many applications is their narrow bandwidth and to overcome this limitation much work has been devoted to increase the bandwidth. There are various bandwidth enhancement techniques one of which is the use of a non resonant aperture (large aperture) with a thick substrate [4] . But this method has a disadvantage of large amount of radiation production by the aperture, which leads to a radiation pattern having poor front to back ratio. The other bandwidth enhancement techniques include using decreasing dielectric constant, parasitic patches, cutting slots or notches like U-slot, using air substrate, E-shaped, H-shaped patch antennas [5] , [6] , [7] , [8] . The another bandwidth enhancement technique that has been extensively used is stacked patches, in which a parasitic element (stacked patch) is placed over the driven element (lower patch) and the electromagnetic coupling between the parasitic element and the driven element increases the impedance bandwidth [9] , [10] .
The rapid developments in the wireless communications demand antenna designs that could be used for more than one frequency bands. These antennas are called as multi-band antennas. These antennas have the advantage to integrate several frequency bands on single antenna structure which make them useful for several frequency ranges [11] . So this paper presents a dual band aperture coupled microstrip stacked patch antenna for WLAN applications, covering the complete frequency band from 5.15 GHz to 5.35 GHz and it also covers IMT applications for some region of the frequency band from 3.4 GHz to 4.2 GHz. In this paper, the geometry and the antenna design of the proposed dual band antenna structure with stacking technology with the introduction of an air gap between the ground plane and the upper layer substrate is presented in Section II, the Simulation results are presented in Section III and in Section IV a brief conclusion is given.
II.ANTENNA DESIGN
An aperture coupled microstrip patch antenna resonating at two frequencies is designed using stacking. Stacking is a technique to achieve the dual band behavior and to increase the impedance bandwidth of the antenna. It involves a multilayered structure consisting of number of dielectric substrates and patches. In it parasitic elements (or stacked patches) are placed over the driven element (or the main patch). The electromagnetic coupling between the parasitic element and the driven element increases the impedance bandwidth. Furthermore an air gap of 3 mm has been introduced between the ground plane and the upper layer substrate to increase the bandwidth of the antenna. FR-4 is the material used for antenna substrate (for both the upper substrate layers) and feed substrate (the lower substrate layer). The material has a thickness (h) of 1.6 mm and dielectric permittivity ε r of 4.4 with tangent loss component tan δ as 0.0009. The antenna structure has a bottom patch of rectangular shape over the substrate material supported by the ground plane. The top patch of the antenna is of a rectangular shape having a rectangular slot of dimensions exactly same as the dimensions of the bottom patch. The dual band antenna is fed through an aperture cut in the ground plane coupled to a 50 Ω microstrip line under the feed substrate. The side view of the antenna showing various layers organizations with placement of waveguide port is shown in Figure 1 . The front view of the antenna is shown in Figure 3 . The design specifications of the dual band ACSMPA has been given in Table 1 Design specifications of the proposed dual band ACSMPA Also the various dimensions of the antenna has been calculated by the design equations from C A Balanis [1] . The dimensions of the top patch, bottom patch, ground plane, substrate layers, slot and the feedline of the designed dual band antenna has been given in Table 2 . Table 2 Various dimensions of the proposed dual band ACSMPA
Parameters

III.SIMULATION RESULTS
CST Microwave Studio 2010 has been used to simulate the proposed dual band aperture coupled microstrip patch antenna with an air gap and various simulation results like return loss, smith chart, VSWR and farfield patterns of the gain and directivity of the antenna has been observed. The S 11 versus frequency plot of the antenna also shows two dips indicating dual frequency operation of the antenna at the resonance frequencies of 3.905 GHz and 5.36 GHz. The value of reflection coefficients Ʈ are 0.10301 and 0.054688 at the corresponding resonance frequencies as seen from the Figure 4 .
Figure 4 S-parameter (Ʈ or reflection coefficient) versus frequency plot of the proposed dual band ACSMPA
The return loss 20 log 10 Ʈ values are −25.242 dB and −19.742 dB at the corresponding resonance frequencies. The S 11 parameter represents the power reflected from the antenna. The whole power is reflected from the antenna and nothing is radiated for S 11 = 0 dB. S 11 = −10 dB indicates 10% of the power is reflected. The bandwidth of the dual band antenna can be calculated from the return loss versus frequency plot. The bandwidth of the antenna is the range of frequencies over which the return loss is larger than −10 dB and it corresponds to a VSWR value of 2. The measured −10 dB bandwidth of the designed antenna is 134.8 MHz and 384.9 MHz at the lower resonant frequency of 3.905 GHz and the upper resonant frequency of 5.36 GHz respectively as seen from Figure 5 .
Figure 5 Return loss versus frequency plot of the proposed dual band ACSMPA
A comparison of the return loss versus frequency plot between the dual band antenna without an air gap and the dual band antenna with an air gap is shown in Figure 6 . By introducing an air gap of 3 mm the resonance frequencies has been shifted slightly but still they lie in the wireless bands with enhanced bandwidths. The similar results are observed for the foam material instead of air gap is also shown in same Figure 6 . The various simulation results of the dual band aperture coupled stacked microstrip patch antenna has been summarized in Table 3 . Table 3 Various simulation results of proposed dual band ACSMPA
Frequency
IV. CONCLUSION
In this paper aperture coupled microstrip stacked patch antenna operable at two resonant frequencies of 3.905 GHz and 5.36 GHz has been designed for wireless and WLAN applications. The designed antenna has −10 dB return loss bandwidth of 134.8 MHz and 384.9 MHz at 3.905 GHz and 5.36 GHz respectively. The designed dual band antenna
